paper considers an optimization of a computer network expansion with a reliability constraint. Computer network expansion is achieved by adding a new node and communication links to a computer network such that reliability of the computer network is not less than a given level. In order to speed up the procedure of solution, an upper bound on system reliability in terms of node degrees is applied. The main problem is split into several small problems, the small problem is decomposed subpmblems and the subproblems are solved effectively by a new method, forest search algorithm.
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INTRODUCTION
One of the practical problem in the computer network design is a cost optimization under the system reliability. Network expansion deals with an ever growing need for more computing across a network. In order to meet this demand, the size of the network is incrementally expanded according to the user requirements. It is critical that new nodes and links are added in an economical manner to meet the reliability demand of the network.
Many papers [1] [2] [3] [4] [5] consider the optimization for maximizing network reliability subject to cost constraints and for maximizing cost subject to reliability constraint, especially, the genetic algorithm [2, 5] which gives a new technology to the reliability optimization of network expansion with cost constraints. This paper presents a practical method, the forest search algorithm, for exactly solving the cost optimization problem of network expansion under reliability constraint. The approach of Branch and Bound is extended to search the optimal solution among several combinatorial trees, a combinatorial forest. In the procedure of solution, the algorithm does not test each feasible solution in all of the trees one after another, however, it searches some feasible solutions in different trees simultaneously. Hence, the optimal solution is realized efficiently.
Section 2 states the optimal problem of network expansion and gives a mathematical expression. Section 3 illustrates the solution method of the main problem and its subproblems. Section 4 discusses the forest search algorithm. Section 5 provides two examples with some experimental results. The problem is to add a node and some links incident with the node from a given node set A f and link set Ln, to a network such that the sum of a node cost and links cost is minimized and reliability of the resulting network is not less than given level P0.
THE MATHEMATICAL
The main problem can be stated mathematically:
subject to: (c) if z_(l + 1) < z*, then set l = l + 1 and go to Step (a).
3. z* is the optimal value for MP. STOP.
In
Step 2, the symbols are denoted in the mathematical expression as follows:
• zn,(l~ + 1) is the minimal bound of z,~,(li + 1):
_z~, (/, + 1)= min (c,,, ~,j eL c cn"J+~'ILCcL~"IL~I=I'+I) '
• _z(l + 1) = min{_z,,(h + 1) n~ e A/'}. Algorithm 1 develops the method in another manner, the method using SP (1) to consider all of the subproblems of small problems, SP.~ (li), n~ E A f, is effective to solve the main problem.
In order to determine a lower bound l* of the minimal number of links incident with ni such that RiG ) > Po, it is necessary to know the maximum reliability for a fixed l~.
Consider
Problem RLn~ (/~): rn, (l~) = max RIG), Igol subject to: When nl is selected, suppose that we get two links from Lnl, links (nl, 1) and (nl,3) should be selected (Figure lb) , and the resulting degree sequence is d = (1, 2, 2, 2, 2, 3 ). When n2 is selected, links (n2, 1) and (n2, 5) should be selected (Figure lc) , and the degree sequence of the new network is dl = (2,2,2,2,2,2). H(dl) is maximum over all possible d in G. From the example, we can clearly grasp that no matter how many links we want to get, the maximum bound of reliability can be gotten by the method above.
The detail of ~m (l~) and ~., (l~) as follows. 
FOREST RESEARCH ALGORITHM
In order to illustrate the method, we give an example. To find an optimal solution, we may consider all of the combinations of the trees. However, it is time-consuming, we can apply the branch and bound algorithm among different trees. This means that we do not need to search the tree one by one, we take all of the trees as a forest and jump the search among them, instead. All of the combinatorial trees do not need to list all simultaneously, we should enable the tree to live according to gns (2) (hi E A/'), the lower bound of the objective function at node 2 of hi-tree.
According to the idea above, we provide the method in detail as follows. STEP 1. Enable rib-tree to live according to the lowest gn, (2) ,ni EAf, which is the lower bound of the objective function. The lower bound gnk (v) of the objective function in an arbitrary node v of hi-tree is computed as follows.
Senh ~k
Let U be the set of Because links defined by the path from the root to node v is t it Jj=l. 
EXAMPLES AND RESULTS
EXAMPLE 5.1. The condition is the same as Example 4.1. The decision variable x = {xnl, 1, xnl,2, • .., xnx,5, xn2,1, xn2,2,..., Xnm,5} are selecting status of the link (n~, j). nl n2 n3 
K=0
For gnl (2) = min{g,~x (2), g,~2 (2), gns (2)} Put nl (2) Find a network G(N, L, p) by adding a node and its links to Go such that its cost is minimal and its reliability is larger than that of the original network. The problem is formulated as:
